Introduction
Childhood overweight and obesity seem to be increasing at an alarming rate throughout the Western world. [1] [2] [3] [4] [5] This is of great concern, because overweight in children seems to be associated with long-term health consequences. 6, 7 A recently published prospective cohort analyzed the risk of death related to body mass index (BMI) in over a million adults and found that overweight men and women in all age groups had an increased risk of death. 8 Data from the Bogalusa Heart Study indicate that overweight adolescents are 8.5-fold more likely to have hypertension as adults than lean adolescents. 9 A major consequence of obesity in childhood however is the high risk of being obese as an adult. 6, 10 Overweight and obesity are strongly associated with morbidity and mortality in adulthood. 6, [11] [12] [13] [14] The likelihood of the persistence of obesity is positively related to the severity of obesity and the age of the children. 10, 15 Approximately half of the obese school children become obese adults. 16 Therefore, it is commonly believed that treatment and prevention of overweight and obesity are an increasingly important issue throughout the world. Alas, treatment and prevention are problematic. 17 Recently, the Child and Adolescent Trial for Cardiovascular Health (CATCH), involving 96 schools, failed to reduce student's weight, skin fold thickness, BMI and blood pressure in a 3-y intervention study. 18 On the other hand, the schools are in a unique position to play a pivotal role in promoting healthy lifestyles and helping to prevent obesity. 18, 19 Studies about the prevalence and trends of childhood overweight and obesity in Central Eastern European countries are rare. In addition, tremendous socioeconomic changes have taken place in few years during the 1990s in East Germany. This might serve as a time-lapse picture for future developments in other Eastern European countries or transient societies. We examined whether overweight and obesity are increasing in East Germany. In addition, we analyzed whether breast feeding, low birth weight and parental education are risk factors for overweight and obesity in an East German population.
Methods

Study design
Three consecutive cross-sectional surveys of school children were conducted in three regions of the former East Germany in the years 1992-93, 1995-96 and 1998-99. The response rates in the three surveys were 89% (n ¼ 2470), 75% (n ¼ 2814) and 76% (n ¼ 2348). Information about height and weight was available for 87% of the children (n ¼ 6650). The surveys are part of the Bitterfeld study, an ongoing study on long-term effects of air pollution which was described in detail previously. 20, 21 The study areas Bitterfeld and Hettstedt were characterized by high air pollution and the county of Zerbst served as a control area.
Subjects and questionnaire
We invited all school entrants, third and sixth-grade school children who were residents of Zerbst and Hettstedt counties, and a subgroup of children from selected schools in Bitterfeld County, to participate in our study. Data on parental education, living conditions, breast feeding and children's health were gathered from the parents by a selfadministered questionnaire. Birth weight data were transferred from the children's 'health care passports'. All day-care centers and schools in the Zerbst and Hettstedt areas were contacted. Because of the larger area of Bitterfeld County, about 2/3 of the schools and day-care centers in this county were randomly selected to represent all resident school-age children. All participants were of European ancestry. School entrants and third graders of the first and second survey were partially re-examined as third and sixth graders in the following survey. Approval of the study protocol was granted by the University of Rostock Ethics Committee. Informed consent was obtained from the parents of all participating children.
Anthropometric measurements
Measurements were performed before a lung function testing. Weight was recorded to the nearest 100 g with a mechanical balance scale in 1992-93 and electronic scales in 1995-96 and 1998-99. We used two different scales, a mechanical (1992/93) and an electronic scale (1995-99). We did not perform comparative measures but used two 20 kg calibration weights to check the scales regularly. In all three surveys, the variation of the scales was less than 100 g. In 1992-93, children were weighed wearing light underwear without shoes. In the later surveys, children were asked to take off sweaters and jackets but were allowed to wear their regular trousers, but no shoes. Because of this difference in the measurement procedure, we subtracted 750, 1000 and 1250 g from the school entrants, third graders and sixth graders in the second and third survey. The same balances were used in all three areas as the investigators changed the location of the examination every 2 weeks and took the scales along. Height was measured to the nearest millimeter. BMI was calculated as weight/height (kg/m 2 ). The definitions of overweight and obesity were based on average centiles as suggested by Cole et al 22 (Table 1) . In this study, childhood's BMI levels are extrapolated to a BMI of 25 (for overweight) and 30 (for obesity) at age 18. Children were grouped using the SAS 6.12 statement 'round'. For each 6 month of age, we grouped the children individually as having normal weight, being overweight or obese.
Statistical methods
Logistic regression was used to analyze the association between the three surveys and possible confounders. As covariates we included gender, age group, region, season, high parental education (highest education of father or mother at least 12 y), low birth weight (below 2500 g) and no breast feeding. As school entrants and third-graders of the first and second survey were partially re-examined as third and sixth graders in the following survey, we used the GEE approach 23 to account for the correlations between repeated observations of the same children. We also did trend tests with the categorical value of survey (1992-93, 1995-96 and Adapted from Cole et al.
22
Trends of overweight in Eastern Germany C Frye and J Heinrich 1998-99) as a continuous variable. We tested interactions by inclusion of the respective product terms in the logisticregression model. The computations were done with the GENMOD procedure of SAS 6.12 (SAS Institute, Cary, NC, USA).
Results
Weight and BMI did not change within school entrants (5-7 y). Third-grade boys and girls (8-10 y) were taller and heavier in the latter surveys. Within the oldest age group height remained stable but the mean value of weight increased for boys in the time from 1992-93 to 1998-99 from 45.1 to 47.9 kg and girl's weight increased from 46.6 to 48.3 kg ( Table 2) . Table 3 and Figure 1 show a clear increasing trend for the prevalence of overweight and obesity in boys and girls from 1992-93 to 1998-99 for children aged 8-10 and 11-14 y but not for the youngest children. The prevalence of overweight doubled for boys in the oldest age group from 13.9 to 25.6% whereas the prevalence of obesity tripled, ranging from 2.8 to 7.1%. In girls aged 11-14 y the prevalence of overweight increased from 15.5 to 22.8% whereas the prevalence of obesity rose from 3.5 to 7.9%.
Possible confounding factors and the temporal changes are shown in Table 4 . The crude risk of overweight and obesity doubled between 1998-99 and 1992-93 (OR overweight : OR 1.9, CI 1.6-2.1; OR obesity : 2.0, CI 1.5-2.7). Adjustment for age Trends of overweight in Eastern Germany C Frye and J Heinrich group, sex, area and season changed the odds ratios only marginally. Further adjustments for low birth weight, breast feeding and higher parental education did not change the odds ratios for temporal changes as shown in Figure 1 (OR overweight : OR 1.6, CI 1.4-1.9; OR obesity : 1.8, CI 1.3-2.4). Older children were more likely to be overweight. Low birth weight, breast feeding and especially higher parental education were protective factors for overweight and obesity. We found no significant interaction of age groups with the three surveys.
Further analyses of possible predictors for overweight and obesity revealed an inverse trend for parental education and obesity (Table 5 ). There was a strong positive association between birth weight and overweight and obesity in later life. We saw no association between breast feeding and overweight. With regard to obesity, breast feeding was a protective factor. This effect was stronger if the children were exclusively breast-fed.
Further sensitivity analyses with excluded cohort children changed the results of trend and risk factors only marginally (data not shown).
Discussion
In summary, the prevalence of overweight and obesity increased significantly in Eastern German children aged 5-14 y in the period of 1992-93 through 1998-99. After adjustment for possible confounder, the significant increasing trend changed only slightly. Low birth weight and high parental education were negatively associated with overweight and obesity, whereas no breast feeding was a risk factor.
Increasing prevalence throughout the world Childhood overweight and obesity are increasing at an alarming rate throughout the world. [1] [2] [3] [4] [5] An alarming finding is that the trend of increasing obesity seems to accelerate. 
Trends of overweight in Eastern Germany C Frye and J Heinrich
However, the increasing prevalence is not restricted to the older children. 3, 5 Bundred et al 5 noticed a significant increasing trend in the proportion of overweight and obese children less than 4 y of age between 1989 and 1998. The results from Ogden et al 3 show that in the last 20 y the prevalence of overweight has increased among 4-and 5-y-old US preschool children but not among younger children.
We found no changes in weight, BMI, overweight or obesity in the youngest age group (school entrants). This finding is in contrast to other studies that reported an increasing trend for younger children. 3, 5, 25 However, in agreement with most studies, the prevalence of overweight and obesity is higher in older age groups and our study shows an increasing trend for overweight and obesity in the two older age groups. After reunification, Western lifestyles as well as Western foods were introduced in East Germany.
Older children with more pocket money are more likely to buy these foods. In addition, older children are more susceptible for other modern comforts like television, computers, etc. Therefore, we think that probably the short time period of our study in comparison to other studies is responsible for the fact that we did not observe changes in the prevalence of overweight and obesity in the youngest children. Owing to the higher prevalence and the greater susceptibility of older children, we were able to detect an increasing trend in older children. However, we could not exclude for sure that methodological limitations and in particular the subtraction of the 750 g might be too conservative and consequently might have biased the results. A recent East German study conducted in Jena identified overweight and obesity as increasing health problem. 1 In three cross-sectional studies (1975, 1985 and 1995) , children aged 7-14 y were investigated. Kromeyer and colleagues saw an increase of overweight and obesity between 1975 and 1995, but the peak of the increase was between 1985 and 1995. Protective factors for overweight and obesity were low birth weight and higher social status (highly qualified occupation of father vs manual worker). There is no published data on trends of overweight and obesity in children living in West Germany.
Definitions of overweight and obesity
A general problem in obesity research is that no consensus of a definition of overweight and obesity exists. 5, 6, 26 The prevalence of overweight clearly depends on the selection of the reference population and the overweight criteria. Some of the best-known cut points are the centiles from Rolland-Cachera et al. 27 Others define the 85th and 95th
centiles of BMI as overweight or obesity. We chose to use the cutoff points that were recently introduced by Cole et al 22 in
order to report internationally comparable prevalence rates of overweight and obesity in children. But even if the prevalence varies because of different reference populations, the choice of the reference will not affect trend estimates of overweight.
Possible reasons for the increasing trend
One of the most important questions is: What is causing the increase in obesity throughout the world? Current research highlights the importance of genetic susceptibility to obesity. 28 But the genes cannot have changed worldwide during the last 20 y. 29 In short, obesity can only emerge when energy intake exceeds energy expenditure. Hill and Peters 30 believe that the environment promotes behaviors that cause obesity. They argue that the human body has excellent physiological defences against the depletion of body energy stores but weak defences against the accumulation of excess energy stores when food is abundant. Hill and Peters believe that 'to combat the epidemic of obesity' one must first cure the environment and promote smaller portion sizes, low-energy density foods and physical activity. Unfortunately, we do not have data concerning food intake or physical activities. Nevertheless, an analysis of possible predictive factors revealed the protective effects of a higher level of parental education, low birth weight and breast feeding. These findings accord with the results of other studies. Von Kries et al 31 . found that breast feeding was a significant protective factor against the development of obesity and being overweight in a cross-sectional study with more than 13 000 children. Several studies found a positive relation between birth weight and later risk of obesity [32] [33] [34] [35] as well as lower social status and overweight and obesity. 1, 31, [36] [37] [38] [39] The protective effect of higher social status on the other hand seems to emphasize that low social status is a major risk factor for overweight and obesity. Strategies for the effective prevention of obesity should therefore have a special focus on children coming from families with lower social status.
Older children have a higher prevalence of obesity. were asked to take off sweaters and jackets but were allowed to wear their regular trousers, but no shoes. To account for this, we subtracted 750, 1000 and 1250 g from the school entrants, third graders and sixth graders in the second and third survey. These numbers arouse from a small subsample of 10 children in each of the age groups that we performed in autumn 1999. However, the variation of the weight of clothing was rather large. The weight of clothing varies throughout the year and with fashion styles over the years. Therefore, we chose round cutoff points that were measured with the heaviest clothing. Our hypothesis was that there is an increasing trend of overweight and obesity. The chosen subtraction weights are very conservative. Therefore, we are confident that our study underestimates the true prevalence of overweight and obesity in the two later surveys. Apart from that we undertook major efforts to use identical methods in each survey. The study period was spread over 1 y, to account for seasonal effects. The scales were regularly checked with standardized weights. The participation rate was high in all surveys. There was no indication of geographic movement that might have influenced the results.
Many studies report an increasing prevalence of overweight and obesity. The speed of this trend seems to gain speed in the 1990s compared to the 1970s and 1980s. 1, 5, 24, 25 We were tempted to analyze whether our results give evidence for an increasing speed of the increasing trend in the 1990s but there were several limitations. Comparing different studies from different regions of the world, there is the handicap of many different cutoff points that are used. In addition, the prevalence of overweight and obesity shows a great variation. Generally speaking, overweight varies strongly with time, age, sex and geographical region. Therefore, it seemed to be too speculative to compare our data with other western and eastern European countries and draw a conclusion about an acceleration of the increasing trend of overweight.
In conclusion, our data provide further evidence that the prevalence of overweight and obesity increases. The prevalence of overweight and obesity seems to be higher in children aged 11-14 and 8-10 y than in the 5-to 70-y-old school entrants. These results suggest that preventive actions should start as early as possible.
